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Why Investigate Twinning in Magnesium Alloys?

* Magnesium twins very easily
» Elastically isotropic

e |sotropic CTE'’s

Tensile Twin: (1011) )12

Relative low level of intergranular
strain for a hcp material

= |Isolate the effects of twinning
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Why Investigate Twinning in Magnesium Alloys?

« Extruded, loaded in compression
along the extrusion axis: All
basal poles are perpendicular to
the loading direction
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Why Investigate Twinning in Magnesium Alloys?
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Rolled Mg, Initial
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De-Twinning or Re-Twinning

* De-Twinning
— Initial loading: Nucleation of twin followed by growth
— Reverse loading: Collapse existing twin boundaries

= Texture Memory Effect

* Re-Twinning
— Initial loading: Nucleation of twin followed by growth
— Reverse loading: Nucleation of new twin followed by growth

» Wagoner et al. (2007) suggest de-twinning based upon
acoustic emission measurements
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De-Twinning or Re-Twinning

 Graln with c-axis In the transverse
direction

* Upon loading along the center of pole
figure, it will twin and reorient with its 6
prism poles in the transverse direction

 Which variant will it select when the
load Is reversed?

* Neutron diffraction provides the
Information to determine if it de-twins
or re-twins
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Low Cycle Fatigue Test

e Samples of Extruded and Rolled magnesium AZ31 alloy

were subjected to low cycle fatigue
—~ R=-1at0.5Hz
— Strain amplitude of 1%,

* In-situ neutron diffraction measurements were made for

select cycles

— Extruded: 1,2,5,9, 13, 31, 51, 76, 101, 251 (Fail:
~450)

— Rolled: 1, 2,19, 49, 100, 150, 200, 250, 300 ruset o stonmsssene

— Hold times were about 10 minutes

— Most select cycles we measured at:
e=-1%, o =0 MPa, e = 0%,
e=1%, o=0 MPa, e =0%
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SMARTS

e Spectrometer for
MAterials
Research at
Temperature and
Stress

« Spatially resolved measurements
— Residual strains in components

* |n situ measurements

— Strains as a function of stress,
temperature, environment, ...

* |nstrument Scientists:
— Donald W. Brown
— Bjgrn Clausen
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Information Obtained from Diffraction Measurements

10513; WCZ0Co#z2 Hist 1

Bank &, 2-Theta —90.0, L-5 cycle 150 Obsd. and Diff. Profiles
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Phase specific: Important for composites

» Elastic Bragg scattering
— Time-of-flight: Energy dispersive with fixed geometry
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Information Obtained from Diffraction Measurements

* Peak position
— Elastic lattice strain from changes
In peak position
— Intergranular strains ' - '

counts/omsec
-
¥

33.0 34.0 35.0
TOEF, m
» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
EST.1943
Operated by the Los Alamos National Security, LLC for the DOE/NNSA /Y § .‘DD:S}
1N A &=



UNCLASSIFIED LA-UR-08-1314

Information Obtained from Diffraction Measurements

* Peak position
— Elastic lattice strain from changes
In peak position

: A
— Intergranular strains ' $ '
* Peak intensity ) P
. T
— Texture change from changes in (]
peak intensities I .
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Information Obtained from Diffraction Measurements

* Peak position

— Elastic lattice strain from changes

In peak position
— Intergranular strains

* Peak intensity

— Texture change from changes in

peak intensities

e Peak width

— Generally increases with plastic  ~

deformation
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— Depends on defect concentration . o ey
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— SMARTS does not have the
resolution for quantitative analysis
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Geometry: Scattering Vectors

Incident Neutron Beam

-90° Detector
Bank

Compression axis
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SMARTS Diffraction Patterns

Compression of Extruded Magnesium, Longitudinal Compression of Extruded Magnesium, Transverse
Bank 2, 2-Theta -90.0, L-S cycle 60 Obsd. and Daff. Profiles Bank 1, 2-Theta 90.0, L-S cycle 43 Obsd. and Diff. Profiles
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Longitudinal Transverse

* Not all peaks are present in both banks due to the strong initial texture
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Macro Stress-Strain Curves

® 1St CyC|e Rolled Mg: Macro stress-strain curves
— 1% Compression —1st, Cycle
. —2nd Cycl
— 2% Tension 200 ~ MOHEE f
— Run out of twins after 1% tension n;i
— Further deformation by slip with " 450 ]
associated hardening =
e 2nd Cycle 3 0 |
— 2% Compression g
— 2% Tension -100 1
— De-twinning the entire way | | | | |
-1 0.5 0 0.5 1
Engineering Strain  [%]
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Macro Stress-Strain Curves

Extruded Mg: Macro stress-strain curves Rolled Mg: Macro stress-strain curves
— 1st — 1st
—9th - —10 |
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* Only minor differences between Extruded and Rolled

— Loop is very asymmetric due to twinning
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Macro Stress During Neutron Measurements

Extruded Mg: Macro stress at +/- 1% strain Rolled Mg: Macro stress at +/- 1% strain
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e Development of maximum and minimum stresses

— Both show evidence of cyclic hardening
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Measured Diffraction Data

Extruded Mg, Bank 2, Run 28931 Extruded Mg, Bank 1, Run 28931
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* [|nitially twins disappears fully upon tensile loading
— At the end, residual twins are observed in tension
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Peak Intensities: Twin Volume Fraction

Extruded Mg, Longitudinal

Relative peak intensity [arbitrary units]
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Rolled Mg, Longitudinal
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* Twin volume fraction after 2% compressive load is about 15%
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Peak Intensities: De-Twinning or Re-Twinning

Extruded Mg, Transverse
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Rolled Mg, Transverse
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* Transverse 00.2 intensity is constant in early cycles
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Lattice Strains

Extruded Mg, Longitudinal
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 The lattice strain follow the macro stress

A Intergranular strains largest for Extruded: 2000 pe (~80 MPa)
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Peak Width

° |ncreaSing peak width with Rolled and Extruded Mg, Longitudinal

155
cycles —e—11.0, Extruded
: c L —-11.0, Rolled
— Slight initial decrease for Rolled =z 150 =
. . . . £
e Twinning/De-twinning process g 5
leaves behind ‘debris’ = 0
— Leads to hardening =
= 135
=
I i
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Conclusions

* |nvestigated twinning and de-twinning in Extruded and Rolled
magnesium AZ31 alloy during low cycle fatigue test
— Cyclic hardening was observed for both Extruded and Rolled

* In-situ neutron diffraction measurements were made at select cycles

e De-twinning or Re-twinning?
— Development of peak intensities are consistent with full de-twinning up to
~75 and ~150 cycles for Extruded and Rolled, respectively
— Longitudinal 00.2 peak intensity fully disappear
— Transverse 00.2 peak intensity returns to initial level

= Diffraction based evidence that supports the conclusions of Wagoner et
al.
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Conclusions

* Higher cycles
— Residual 00.2 intensity is observed longitudinal at minimum strain
— Decrease of 11.0 intensity observed longitudinal at minimum and maximum
strain
— Consistent with the lower Schmid factor for tensile twinning of grains with
11.0 along the loading axis compared to grains with 10.0 along the loading
axis (0.37 and 0.49, respectively)

e Lattice strains
— Follows the macro stress behavior
— Intergranular strains rise to about 2000 pe (~80 MPa)

* Peak width
— Monotonic increasing peak width with cycles
— Increase in defects or ‘debris’ from the twinning/de-twinning process
— Leads to hardening as observed
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